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(54) Resin-impregnated belt for application on papermaking machines and in similar industrial 
applications 



(57) A resin-impregnated endless belt for a long nip 
press or calender of the shoe type, or for other paper- 
making and paper-processing applications, has a base 
fabric in the form of an endless loop with an inner sur- 
face, an outer surface, a machine direction and a cross- 
machine direction. The base fabric has machine-direc- 
tion (MD) structural elements and cross-machine-direc- 
tion (CD) structural elements in an open structure 
wherein at least some of the MD structural elements and 
CD structural elements are spaced apart from one an- 
other. The MD structural elements cross the CD struc- 



tural elements at a plurality of crossing points, where 
they are joined to one another by mechanical, chemical 
or thermobonding means. A coating of a first polymeric 
resin is on the inner surface of the base fabric. The first 
polymeric resin impregnates and renders the base fab- 
ric impermeable to liquids, and forms a layer on the inner 
surface thereof. The coating is smooth and provides the 
belt with a uniform thickness. A method for manufactur- 
ing the belt, using a smooth and polished cylindrical 
mandrel with a spacer ring slidably disposed thereon, is 
also shown. 
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Description 

Background of the Invention 
1. Field of the Invention 



[0001] The present invention relates to mechanisms for extracting water from a web of material, and, more particu- 
larly, from a fibrous web being processed into a paper product on a papermaking machine. Specifically, the present 
invention is a method for manufacturing resin-impregnated endless belt structures designed for use on a long nip press 
of the shoe type on a papermaking machine, and for other papermaking and paper-processing applications, and the 
belt structures manufactured in accordance with the method. 
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2. Description of the Prior Art 

[0002] During the papermaking process, a fibrous web of cellulosic fibers is formed on a forming wire by depositing 
a fibrous slurry thereon in the forming section of a papermachine. A large amount of water is drained from the slurry 
in the forming section, after which the newly formed web is conducted to a press section. The press section includes 
a series of press nips, in which the fibrous web is subjected to compressive forces applied to remove water therefrom. 
The web finally is conducted to a drying section which includes heated dryer.drums around which the web is directed 
The heated dryer drums reduce the water content of the web to a desirable level through evaporation to yield a paper 
product. 

[0003] Rising energy costs have made it increasingly desirable to remove as much water as possible from the web 
prior to its entering the dryer section. As the dryer drums are often heated from within by steam, costs associated with 
steam production can be substantial, especially when a large amount of water needs to be removed from the web. 
[0004] Traditionally, press sections have included a series of nips formed by pairs of adjacent cylindrical press rolls 
In recent years, the use of long press nips of the shoe type has been found to be more advantageous than the use of 
nips formed by pairs of adjacent press rolls. This is because the longer the time a web can be subjected to pressure 
in the nip, the more water can be removed there, and, consequently, the less water will remain behind in the web for 
removal through evaporation in the dryer section. 

[0005] The present invention relates to long nip presses of the shoe type. In this variety of long nip press, the nip is 
formed between a cylindrical press roll and an arcuate pressure shoe. The latter has a cylindrical^ concave surface 
having a radius of curvature close to that of the cylindrical press roll. When the roll and shoe are brought into close 
physical proximity to one another, a nip which can be five to ten times longer in the machine direction than one formed 
between two press rolls is formed. Since the long nip is five to ten times longer than that in a conventional two-roll 
press, the so-called dwell time of the fibrous web in the long nip is correspondingly longer under the same level of 
pressure per square inch in pressing force used in a two-roll press. The result of this new long nip technology has been 
a dramatic increase in dewatering of the fibrous web in the long nip when compared to conventional nips on paper 
machines. K K K 

[0006] A long nip press of the shoe type requires a special belt, such as that shown in U.S. Patent No. 5,238 537 
This belt is designed to protect the press fabric supporting, carrying and dewatering the fibrous web from the accelerated 
wear that would result from direct, sliding contact over the stationary pressure shoe. Such a belt must be provided with 
a smooth, impervious surface that rides, or slides, over the stationary shoe on a lubricating film of oil. The belt moves 
through the nip at roughly the same speed as the press fabric, thereby subjecting the press fabric to minimal amounts 
of rubbing against the surface of the belt. 

[0007] Belts of the variety shown in U.S. Patent No. 5,238,537 are made by impregnating a woven base fabric, which 
takes the form of an endless loop, with a synthetic polymeric resin. Preferably, the resin forms a coating of some 
predetermined thickness on at least the inner surface of the belt, so that the yarns from which the base fabric is woven 
may be protected from direct contact with the arcuate pressure shoe component of the long nip press. It is specifically 
this coating which must have a smooth, impervious surface to slide readily over the lubricated shoe and to prevent any 
of the lubricating oil from- penetrating the structure of the belt to contaminate the press fabric, or fabrics and fibrous web 
[0008] The base fabric of the belt shown in U.S. Patent No. 5,238,537 may be woven from monofilament yams in a 
single- or multi-layer weave, and is woven so as to be sufficiently open to allow the impregnating material to totally 
impregnate the weave. This eliminates the possibility of any voids forming in the final belt. Such voids may allow the 
lubrication used between the belt and shoe to pass through the belt and contaminate the press fabric or fabrics and 
fibrous web. The base fabric may be flat-woven, and subsequently seamed into endless form, or woven endless in 
tubular form. 

[0009] When the impregnating material is cured to a solid condition, it is primarily bound to the base fabric by a 
mechanical interlock, wherein the cured impregnating material surrounds the yarns of the base fabric. In addition, there 
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"L b 34t emiCa ' b0ndin9 ° r adh8Si ° n b6tWeen CUfed impre9natin9 materia » and *• material of the yarns 

[0010] Long nip press belts, such as that shown in U.S. Patent No 5 238 537 dpn«nriinn ™ th« 

o* the teng nip presses on which they are Stalled, have lengths ^^^tS^iSS^T? 

imaiery <;50 to 1 1 25 centimeters), measured transversely across those forms 

[0011] it will be recognized that the length dimensions of the long nip press belts given above include thos* for h«itc 

rcTsras?"?^^ 



Manufacturer 


Type 


Belt Diameter (mm) 


Length (mm) (Circumf.) 


Valmet 


Symbeit Press 


1425 


4477 




Symbelt Press 


1795 


5639 




Symbeit Press 


1995 


6268 


Voith 


Flex-O-Nip 


1270 


3990 




Flex-O-Nip 


1500 


4712 




Nip-Co-Flex 


1270 


3990 




Nip-Co-Flex 


1500 


4712 




Intensa-S 


1270 


3990 




Intensa-S 


1550 


4869 


Beloit 


ENP-C 


1511 


4748 






(59.5 inch) 




ENP-C 


2032 


6384 






(80 inch) 
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Summary of the Invention 
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[0018] One such application is as a belt used on long nip presses of the shoe type on paper machines. For this 
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application the belt needs to be smooth and impervious to oil on the side that rides on the lubricatina oil film on th* 

00 9, A seconZr Tr"^ "** "** U ° m a ™" web ' n *. n£ can pass ' 

[0019] A second such application is as a belt used for the calendering of paper either in a roll nb or in «k«„ ch™ 
* ype nip. Such a belt is required to be smooth on both sides, impermeable to oil ^ul^lZZl^t, 

01 Unif ° rm thickness ' and havin 9 *• »»"*•«•• required for each sSe 9 
10020] In its broadest form, the present resin-impregnated endless belt comprises a base fabric in tha Wm m «. 

Si™, 8 !!/"*! C °T i808 3 COatin9 ° f 3 firSt polyrneri0 resin on the in ™r surface of the base fabric The 

o~=S~ 

,Shi^ PaCe r in9 , h t Vin9 an iPSide diame,er equal to lhe diameter of the cylindrical mandrel is disposed on and 
h 9 11 f , 9 6 Cy,,ndriCal mandreL The SpaCer rin9 has a ,hickness - ™asured radially, equa " 
^ P ° ,ymer,C reSi " 10 be ,ornied on ,he inside 8urf ace of.the base fabric 

S^L, .IT P *™* ** °" ,SS 1,1 cros5 ' nl *9 as »» <«ng process proceeds across lhe bass tab* Alter 

KSSJUST? T% " !ea ' 0 " ,anu,ac "" e -'Wmpr^netM be, structure, to, us. in all phases ot 

2? ♦■ Th ! S6Veral embodimen,s <? f the Present invention will now be described in more complete detail In th<. 
description, frequent reference will be made to the drawing figures identified immediately bebw 

Brief Description nf t he Drawings 
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Figure 1 is a side cross-sectional view of a long nip press- 

Fi'?Z \ J 3 Per8p9C ! iVe View 01 a belt made in accordance with the method of the present invention- 
Figure 3 is a perspective view of an alternate embodiment of the belt 
Figure 4 is a perspective view of another embodiment of the belt- 
Figure 5 is a plan view of a base fabric, woven using the Leno principle, for the belt of the present invention- 
F.gure 6 .s a cross-sectional view taken as indicated by line 6-6 in Figure 5- ' 
Figure 7 is a plan view of a knitted base fabric for the present invention- 
Figure 8 is a plan view of another knitted base fabric for the present invention- 

r£Z X^T' 5 * 01 ™? Vi6W ° f 8 6386 fabriC ' woven in a P' ain weav * 'or the present invention- 
Figure 1 0 is a plan v.ew of another woven base fabric for the present invention- 



4 



EP 0 922 806 A2 

Figure 11 is a cross -sectional view of a non-woven base fabric for the present invention; 
Figure 12 is a plan view of a knitted precursor for a base fabric for the present invention- 
Figure 1 3 is a plan view of a stretched and bonded knitted base fabric made from the precursor shown in Figure 1 2" 
Figure 14 is a perspective view of the apparatus used to manufacture the belts of the present invention; 
Figure 15 is a cross -sectional view of the belt embodiment shown in Figure 2, taken as indicated by line 15-15 in 
that figure; 

Figure 16 is a cross-sectional view, analogous to that given in Figure 15, for a belt having a coating on both sides- 
Figure 17 is a cross-sectional view of the belt embodiment shown in Figure 3, taken as indicated bv line 17-17 in 
that figure; and 

Figure 18 is a cross-sectional view of the belt embodiment shown in Figure 4, taken as indicated by line 18-18 in 
that figure. 



Detailed Description of the Preferred Embodiments 
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[0031] A long nip press for dewatering a fibrous web being processed into a paper product on a paper machine is 
shown in a side cross-sectional view in Figure 1 . The press nip 10 is defined by a smooth cylindrical press roll 12 and 
an arcuate pressure shoe 14. The arcuate pressure shoe 14 has about the same radius of curvature as the cylindrical 
press roll 12. The distance between the cylindrical press roll 12 and the arcuate pressure shoe 14 may be adjusted by 
hydraulic means operatively attached to arcuate p ressure shoe 1 4 to control the loading of the nip 1 0. Smooth cylindrical 
press roll 12 may be a controlled crown roll matched to the arcuate pressure shoe 14 to obtain a level cross^nachine 
nip profile. 

[0032] Endless belt structure 16 extends in a closed loop through nip 10, separating press roll 12 from arcuate 
pressure shoe 1 4. A wet press fabric 1 8 and a fibrous web 20 being processed into a paper sheet pass together through 
nip 1 0 as indicated by the arrows in Figure 1 . Fibrous web 20 is supported by wet press fabric 1 8 and comes into direct 
contact with smooth cylindrical press roll 12 in nip 10. Fibrous web 20 and wet press fabric 18 proceed throuqh the nio 
10 as indicated by the arrows. 
[0033] Alternatively, fibrous web 20 may proceed through the nip 10 between two wet press fabrics 18 In such a 
situation, the press roll 1 2 may be either smooth or provided with void-volume means, such as grooves or blind-drilled 
holes. Similarly, the side of endless belt structure 1 6 facing the wet press fabrics 1 8 may also be smooth or provided 
30 with void-volume means. 

[0034] In any event, endless belt structure 16, also moving through press nip 1 0 as indicated by the arrows that is 
counter-clockwise as depicted in Figure 1 , protects wet press fabric 18 from direct sliding contact against arcuate 
pressure shoe 14, and slides thereover on a lubricating film of oil. Endless belt structure 16, accordingly, must be 
impermeable to oil, so that wet press fabric 1 8 and fibrous web 20 will not be contaminated thereby 
[0035] A perspective view of belt 1 6 is provided in Figure 2. The belt 1 6 has an inner surface 28 and an outer surface 
30. The outer surface 30 is finished to a smooth surface. 

[0036] Figure 3 is a perspective view of an alternate embodiment of the belt 32. The belt 32 has an inner surface 34 
and an outer surface 36. The outer surface 36 is provided with a plurality of grooves 38, for example, in the longitudinal 
direction around the belt 32 for the temporary storage of water pressed from fibrous web 20 in press nip 10 
[0037] Alternatively, the outer surface of the belt may be provided with a plurality of blind<Jrilled holes arranged in 
some desired geometric pattern for the temporary storage of water. Figure 4 is a perspective view of such an alternate 
embodiment of the belt 40. The belt 40 has an inner surface 42 and an outer surface 44. The outer surface 44 is 
provided with a plurality of blind-drilled holes 46, so called because they do not extend completely through the belt 40 
Moreover, the blind-drilled holes 46 could also be connected to one another by grooves. 

[0038] The belt of the present invention includes a base fabric having machine-direction (MD) and cross-machine- 
direction (CD) structural elements and having a much higher open area than that characterizing the base fabrics of 
the prior art. Because the base fabric has such a high open area, it cannot be produced using conventional techniques 
alone, which tend to leave a high-open-area fabric sleazy, dimensionally unstable, and readily distorted In the present 
invention, the base fabric has an open structure in which the MD and CD structural elements are joined to one another 
at their crossing points by mechanical, chemical or thermal means. 

[0039] In one embodiment of the present invention, the base fabric is woven in an endless leno weave A plan view 
of such a base fabric 50 is shown in Figure 5. Base fabric 50 is woven from warp yarns 52,54 and weft yarns 56 Warp 
yarns 52,54 twist one around the other between picks of weft yarn 56. Warp yarns 52 remain on one side of weft yarns 
56, and are referred to as the ground threads. Warp yarns 54 wrap over the other side of weft yarns 56 at each crossing 
point 58, but wrap under warp yarns 52 between crossing points 58 to mechanically lock the weft yams 56 in position 
Warp yarns 54 are referred to as doup threads. This manner of weaving gives firmness and strength to an open weave 
and prevents slipping and displacement of the warp and weft yarns. 

[0040] In an endless leno weave, warp yarns 52,54 are the CD yarns of the endlessly woven base fabric 50, and the 
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weft yams 56 are the MD yarns. 

[0041] Figure 6 is a cross-sectional view taken as indicated by line 6-6 in Figure 5 and illustrating how warp yam 54 
wraps under warp yarn 52 after each crossing point 58 to mechanically lock weft yarns 56 in position. 
[0042] Base fabric 50 may be woven from polyester multifilament yarns. In such a case, each pair of warp yarns 
52,54 may have a combined denier of 3000, while the weft yarns 56 may themselves have a denier of 3000 In general 
the selection of the yam denier is dependent upon the final MD and CD strength required for the belt to perform in the 
final application. The spacing between each pair of warp yarns 52,54 may be in the range from 0.0625 inch to 0.5 inch 
(0.16 cm to 1 .27 cm), and the spacing between each of the weft yarns 56 may also be in the range from 0.0625 inch 
to 0.5 inch (0.16 cm to 1.27 cm). As is well known to those of ordinary skill in the art, base fabric 50 may be woven 
from other types of yarns, such as monofilament and plied monofilament yams, extruded from other synthetic polymeric 
resins, such as polyamide resins. 

[0043] In another embodiment of the present invention, the base fabric is knitted by a circular or flat-bed knitting 
process in the form of an endless loop. A plan view of such a base fabric 120 is shown in Figure 7. During the knitting 
process, MD yarns 1 22 and CD yarns 1 24 are laid into the knitted structure 1 26 formed by yarn 1 28, and interweave 
with the loops formed by yarn 1 28, but not with each other. The knitted structure 1 26 mechanically locks the MD vams 
1 22 and CD yarns 1 24 together. 

[0044] Base fabric 1 20 may be produced from polyester multifilament yams. In such a case, MD yarns 1 22 and CD 
yarns 124 may each have a denier of 3000, and yarns 128 forming knitted structure 126 may also have a denier of 
3000. The spacing between MD yarns 122 may be in the range from 0.0625 inch to 0.5 inch (0.16 cm to 1 27 cm) and 
the spacing between CD yarns 124 may also be in the range from 0.0625 inch to 0.5 inch (0.16 cm to 1 27 cm) As is 
well known to those of ordinary skill in the art, base fabric 120 may be produced from other types of yarns, such as 
monofilament and plied monofilament yarns, extruded from other synthetic polymeric resins, such as polyamide resins. 
[0045] In still another embodiment of the present invention, the base fabric is knitted by a Raschel knitting process 
in the form of an endless loop. A plan view of such a base fabric 1 30 is shown in Figure 8. During the knitting process 
MD yarns 1 32 are laid into the Rachel-kn itted CD yarns 1 34 formed by knitting strand 1 36. MD yams 1 32 and CD yarns 
134 are mechanically locked together by the Raschel-knitted structure of CD yams 134. 

[0046] Base fabric 130 may be produced from polyester multifilament yams, in such a case, MD yarns 132 and 
strands 136 may each have a denier of 3000. The spacing between MD yarns 1 32 may be in the range from 0.0625 
inch to 0.5 inch (0.16 cm to 1.27 cm), and the spacing between CD yarns 134 may also be in the range from 0.0625 
inch to 0.5 inch (0.16 cm to 1.27 cm). As is well known to those of ordinary skill in the art, base fabric 130 may be 
produced from other types of yams, such as monofilament and plied monofilament yarns, extruded from other synthetic 
polymeric resins, such as polyamide resins. 

[0047] In an alternate embodiment of the present invention, the base fabric is woven in a plain weave Figure 9 is a 
cross-sectional view of such a base fabric 60, which may either be flat-woven, and subsequently seamed into endless 
form, or woven endless. In the former case, warp yarns 62 are in the machine direction of the base fabric 60, and weft 
yarns 64 are in the cross-machine direction. In the latter situation, warp yams 62 are in the cross-machine direction 
and weft yarns 64 are in the machine direction. 

[0048] Again, base fabric 60 may be woven from polyester multifilament yarns. Warp yarns 62 and weft yarns 64 
may each be polyester multifilament yams of about 3000 denier coated with a thermoplastic resin material The spacing 
between adjacent warp threads 62 and between adjacent weft threads 64 may again be in the range from 0 0625 inch 
to 0.5 inch (0.1 6 cm to 1 .27 cm). Base fabric 60 may also be woven from yams of other varieties, such as monofilament 
and plied monofilament yarns, extruded from other synthetic polymeric resins, such as polyamide resins as is well- 
known to those of ordinary skill in the art. These other varieties of yarns, too, may be coated with a thermoplastic resin 
material. r 

[0049] After base fabric 60 is woven, it is exposed to a heat treatment sufficient to soften the thermoplastic resin 
material coating the warp yarns 62 and the weft yarns 64, so that they bond to one another at the crossing points 66 
to stabilize the weave structure. Alternatively, instead of using yarns coated with a thermoplastic resin material, the 
base fabric 60 may be woven from uncoated polyester multifilament yarns of about 3000 denier, and, after weaving, 
coated with a chemical material which bonds the warp yarns 62 to the weft yams 64 at crossing points 66 to stabilize 
50 the weave structure. 

[0050] For example, base fabric 60 may be woven from warp yarns 62 and weft yarns 64, which are both plied 
multifilament yarns comprising bicomponent sheath/core filaments, wherein the sheath and core have two different 
melting points. Yarns comprising filaments of this type are available from Kanebo under the trademark BELL COUPLE® 
The filaments have a polyester core with a melting point in a range from 100°C to 500°C, and a polyester copolymer 
ss sheath with a melting point in a range from 50°C to 450°C. Filaments having denier in a range from 0.5 to 40 are 
available. In practice, a 10- or 12-ply version of a 250-denier multifilament yarn including 16 filaments twisted together 
at a rate of 100 turns/meter (0.39 turns/inch) may be used. The heat treatment would be carried out at a temperature 
higher than the melting point of the sheath, but below the melting point of the core to thermally bond the warp yarns 
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62 to the weft yarns 64 at crossing points 66. 

[0051] Warp yams 62 and weft yarns 64 may alternatively be polyester multifilament yarns having a thermoplastic 
polyurethane coating. Yarns of this type are commonly used as tire cords, for which the polyurethane acts as a tie coat 
to bond the yarn to the tire material. The heat treatment would then be carried out at a temperature between the melting 
S,° f th8 P ° ,yes,er and the ,herm °P |asti c polyurethane, the latter, being the coating, having the lower melting point 
[0052] Finally, as noted above, base fabric 60 may be woven from warp yams 62 and weft yams 64 which are both 
uncoated polyester multifilament yams. After weaving, the base fabric 60 may then be chemically treated with an 
acrylic, epoxy or other polymeric resin coating material to chemically bond the warp yams 62 to the weft varns 64 at 
crossing points 66. 

[0053] In still another embodiment of the present invention, the base fabric is woven in an open weave wherein three 
yarns weave side-by-side in each direction of the fabric, each such triple being separated from the next in each direction 
to provide the fabric with a high open area. Figure 10 is a plan view of such a base fabric 140. which may either be 
flat-woven, and subsequently seamed into endless form, or woven endless. In the former case, warp yams 142 are in 
the machine direction of the base fabric 140, and weft yams 144 are in the cross-machine direction In the latter 
situation, warp yarns 142 are in the cross-machine direction, and weft yams 144 are in the machine direction In either 
case, three warp yams 142 and three weft yams 144 weave side-by-side one another, and each said triple of yams in 
each direction is separated from the next to provide the fabric with a high open area. 

[0054] Base fabric 140 may be woven from polyester multifilament yams. Warp yams 142 and weft yarns 144 may 
each be polyester multifilament yarns of about 1000 denier coated with a thermoplastic resin material The spacing 
between each triple of warp yarns 142 and weft yarns 1 44 may again be in the range from 0.0625 inch to 0 5 inch (0 1 6 
cm to 1.27 cm). Base fabric 140 may also be woven from yarns of other varieties, such as monofilament and plied 
monofilament yarns, extruded from other synthetic polymeric resins, such as polyamide resins, as is well-known to 

™^,° f ° rd ' nary Ski " in the art - Th6Se ° ther varieties of yarns ' lo °' mav be coated with a thermoplastic resin material 
[0055] After the base fabric 1 40 is woven, it is exposed to a heat treatment sufficient to soften the thermoplastic resin 
material coating the warp yams 142 and the weft yarns 144. so that they bond to one another at the crossing points 
146 to stabilize the weave structure. Alternatively, the other methods for stabilizing the weave structure of base fabric 
60, discussed above, may be employed to stabilize base fabric 140. 

[0056] In another embodiment of the present invention, the base fabric is a non-woven fabric. Figure 1 1 is a cross- 
sectional view of such a base fabric 150, which includes MD yarns 152 and CD yarns 154, which are bonded to one 
another at their crossing points 156. Base fabric 150 is in endless-loop form. MD yarns 152 spiral around the endless- 
loop form, which CD yams 154 are disposed thereacross and are bonded to MD yarns 152 at crossing points 156 
[0057] Base fabric 1 50 may be assembled from polyester multifilament yams. MD yams 1 52 and CD yams 1 54 may 
each be polyester multifilament yarns of about 3000 denier coated with a thermoplastic resin material The spacing 
between MD yams 152 and between CD yams 154 may again be in the range from 0.0625 inch to 0 5 inch (0 16 cm 
to 1.27 cm). Base fabric 150 may also be assembled from yarns of other varieties, such as monofilament and plied 
monofilament yams, extruded from other synthetic polymeric resins, such as polyamide resins, as is well-known to 

™r«° f ° A rdinary Ski " in ,he art These other varie,ies of yarns - t00 ' mav be coated with a thermoplastic resin material 
[0058] As base fabric 1 50 is being assembled, it is exposed to a heat treatment sufficient to soften the thermoplastic 
resin matenal coating the MD yams 1 52 and CD yarns 1 54 to bond them together at their crossing points 1 56 Alter- 
natively, the other methods for stabilizing the weave structure of base fabric 60. discussed above, may be employed 
to bond MD yarns 152 to CD yams 154 at their crossing points 156. 

[0059] In yet another embodiment of the present invention, the base fabric is a knitted fabric that is bonded after 
having been stretched as far as possible in its machine and cross-machine directions. Figure 12 is a plan view of a 
precursor 160 lor a knitted base fabric prior to being stretched and bonded. 

[0060] Precursor 1 60 is knitted by a circular or flat-bed knitting process in the form of an endless loop. The machine 
and cross-machine directions. MD and CD, respectively, are as indicated in the figure. 

[0061] Precursor 160 may be knitted from a polyester multifilament yam 162. The yarn 162 may have a denier of 
3000 and a coating of a thermoplastic resin material. As is well-known to those of ordinary skill in the art precursor 
160 may be produced from other types of yarns, such as monofilament and plied monofilament yams, extruded from 
other synthetic polymeric resins, such as polyamide resins. These other varieties of yarns, too, may be coated with a 
thermoplastic resin material. 

[0062] Once the precursor 160 has been completely knitted, it is stretched as far as possible in both the machine 
and cross-machine directions. When this is done, loops 164 completely close, and the precursor 160 takes the form 
of base fabric 170. shown in plan view in Figure 13. While held in such a configuration, base fabric 170 is exposed to 
a heat treatment sufficient to soften the thermoplastic resin material coating the yarn 162, so that the sections 172 
oriented in the cross-machine direction bond to one another, and the sections 174 oriented in the machine direction 
bond to the sections 172 oriented in the cross-machine direction at crossing points 1 76, thereby stabilizing the structure 
of base fabric 170. Alternatively, the other methods for stabilizing the weave structure of base fabric 60 discussed 
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above, may be employed to stabilize base fabric 170. 

[0063] Sections 172, oriented in the cross-machine direction, and sections 174, oriented in the machine direction 
are separated from one another by amounts in the range from 0.0625 inch to 0.5 inch (0. 1 6 cm to 1 27 cm) 
[0064] In any event, the exact materials and sizes of the yams in the structure of any of the base fabrics described 
above may be vaned to meet the mechanical requirements of the application for which the belt of the invention is 
intended. In addition, the yams of the base fabrics may be coated with a polymeric resin having a chemical affinity for 

inn « J?! • impre9na,e ,he base fabrics 10 act as a *» «* between the impregnating resin and the base fabrics 
and to which the impregnating resin will chemically bond. 

[0065] Figure 1 4 is a perspective view of the apparatus used to manufacture the belts of the present invention The 
apparatus 70 comprises a cylindrical process roll or mandrel 72 having a smooth and polished surface. Preferably the 

Sf rr^T iS , C ° a,ed ^ 3 ma,erial ' SUCh 38 P 0| y e,h y |e "e. polytetrafluoroethylene (PTFE) or silicone, which 
will readily release a polymeric resin material cured thereon. 

iHUS-i^T L abriC 74 ' °' ° nS °' ,hS constructions set fo rth above, is disposed in sleeve-like fashion upon the 
S ! II j hf \ d,ame ? er °' ,he endless ,0 °P «°™ed ^ the base fabric 74 is equal to the diameter of the cylindrical 

ST2 I P f 6 ,h ' CkneSS °' the layer °' polymeric resin rec " uired on the ™ide of the belt being produced 

hat thickness being measured between the base fabric 74 and the inside surface of the belt being manufactured ' 

K • J C ^l P u 9 ri " 9 76 fiX6S thS 6356 ,abriC 74 at one end of 109 mandrel 72 A movable clamping tension 
nng 78 .s disposed at the other end of the mandrel 72, and places the base fabric 74 under tension longitudinally wrth 
respect to the mandrel 72, that is, in the cross-machine-direction of the base fabric 74. Both the fixed clamping ring 

rnnea, ! m C ' ampin9 tens '° n " ng 78 have clampin 9 surfaces of a diameter e 9"a" »° that of the base fabric 74 
[0068] A spacer nng 80, having a thickness equal to that desired for the layer of polymeric resin on the inside of the 
belt being manufactured, is disposed about the mandrel 72 beneath the base fabric 74. The spacer ring 80 is axially 
translated along the mandrel 72 by cables 82, which are wound onto take-up drum 84 by motor 86 
[0069] During the coating of the base fabric 74, the mandrel 72 is disposed so that its axis is oriented in a horizontal 
direction and .s rotated about that axis by another motor or device not shown in Figure 1 4. A dispenser 88 of polymeric 
I?, S k7 S , ,h9 horizon,al, y orien,ed mandrel 7 2. and applies polymeric resin onto the base fabric 74 

substantially at the topmost point of the rotating mandrel 72. The base fabric 74, as described above, has a sufficiently 

and I thema^drel 0 P °' ymerte r6Sin t0 f '° W unlm P* ted therethrough filling the space between the base weave 

[0070] The polymeric resin impregnates the base fabric 74, and renders the belt being manufactured impervious to 
? T^Z ^ P ° lymeriC reSi " may be P 0| y urethane - and Preferably is a 1 00% solids composition thereof. The use 
hi ihh! . solids resin^ system, which by definition lacks a solvent material, enables one to avoid the formation of 

base fabric 74 P ° dUri " 9 CUrin9 Pr ° CeSS thr0U9h Wh ' Ch " proceeds followin 9 rts application onto the 

[0071] The mandrel 72 is disposed with its longitudinal axis oriented in a horizontal direction, and rotated thereabout 
A stream 90 of pofymenc resin is applied to the outside of the base fabric 74 by starting at one end of the mandrel 72' 
tor example, at movable clamping tension ring 78, and by proceeding longitudinally along the mandrel 72 as it rotates' 
The denser 88 is translated longitudinally above the mandrel 72 at a preselected rate to apply the polymeric resin 

21? T 'I'" !T ° f 3 8Piral S,feam - T ° SUPP ° rt the base ,abric 74 ' the spac - *B 80 alsTpTceeds 
longitudinally abng the mandrel 72 just ahead of the application edge of the resin stream 90 

EL I", 0 /^ l0 ! thepolymeric resin ,0 P enetrat * the base fabric 74 to form a resin layer on the inside of the base 
fabric 74 without entrappingairbubblestherewithin.theopennessof thebasefabric74andtheviscosityofthepolymeric 
resin at the point of application are important factors. That is to say, the openness of the base fabric 74 must be 
sufficiently high and the viscosity of the resin sufficiently low, to enable the polymeric resin to penetrate readily through 
the base fabric 74 without entrapping air bubbles. Further, the polymeric resin must be able to cross-link to the -green 

^o? f ° Ured ,0 3 P ° int Where il wi " 00 ,onger flow as a in a ,ime les s than that needed for the 
mandrel 72 to make approximately one third of a revolution. In this way, the polymeric resin will cross-link to the "green 
state before the rotation of the mandrel 72 brings it to a point where it would otherwise be able to flow or drip from the 
manors I / 

[0073] The flow rate of the stream 90 of polymeric resin can be controlled merely to penetrate the base fabric 74 
and to provide a Mayer on the inside thereof, or to provide a layer on the inside of the base fabric 74, to fill the voids in 
™™ e l 1 P0SSibly ' 10 pr ° Vide a layer of P 0| y meric re sin on the outside of the base fabric 74 

n?JI I k ! r u n a ? a ! tema,e embodiment °' ,he P rese "t invention, two streams of polymeric resin can be applied 
onto the base fabric 74 from two dispensers 88, one stream being applied over the other. In this situation the first 

SlTf h P reS T ma/ PfOVide SUffiCi8nt reSin 10 Penetra,e ,he base fabric 74 and to'orm a layer on the inside 

on th!™, 0 ^ ,1 S , U S 06 °' the mandrel 72 1,16 firS ' Stream may also fi " the base ,abric 74. and form a thin layer 
Z 1^1 e °i' J h t second s,ream of P°'y meric resin m ay then provide a layer on the outside of the base fabric 
74 and coating formed by the first steam of polymeric resin. Using this approach, the first stream can be of one polymeric 
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resin and the second stream can be of another polymeric resin. This is desirable where the coatings on each side of 
the belts bemg manufactured are required to have different hardnesses, such as, for example, is the case with an LNP 
belt having grooves or holes on its outer surface or with a calender belt. 

[0075] Figure 15 is a cross-sectional view of belt 16 taken as indicated by line 15-15 in Figure 2 The cross section 
is taken in the transverse, or cross-machine, direction of belt 16, and shows that belt 16 includes a base fabric 92 of 
the variety shown in Figures 5 and 6. That is, base fabric 92 is woven in an endless leno weave from warp yarns 94 96 
and weft yarns 98. Warp yarns 94,96, viewed from the side in Figure 1 5. are in the cross-machine direction of the b'eft 
ItZT* Seen ,' n Cr0SS SeCti0 "' 3re in machine direction of the belt 16 - Crossin 9 Points 100, where warp 

Z LyU™ SUrfaC ? n 2 o 80f bert 1 6 ' also *>°™ 35 the sno * * "ell 1 6, is formed by a polymeric resin coating 
fit ^!T*T r8S,n 02 ,mpre9nates the base ,abric 9 * a "d renders the belt 1 6 impervious to oil and water Be? 
16 is produced using apparatus 70 shown in Figure 14, wherein stream 90 is controlled to provide a layer of polymeric 

S ° n ° f thS b3Se ,abri ° 92, t0 fi " the VOids in ,he base ,abric 92 ' and to P^ide a layer of polymeric 

resin 102 cover.ng crossing points 100 on the outside of base fabric 92. After polymeric resin 102 is cured it may be 
ground and pol.shed to provide it with a smooth surface and the belt 16 with a uniform thickness ' 
El b8 d8Sifable ,0 h3Ve 3 P 0 *™™ resin coating on both sides of the base fabric of a belt of this 

™ b 1h A"' 6 , u 6 u e ? tra ' 3X18 °' b8ndin9 ° f the belt C0incid9s with the base ,abric - Wb «™ this is the case, the 
repeated flexmg of the belt as it passes over the arcuate pressure shoe is less likely to cause the polymeric resin 

?k f T y , a ? d detemina,e from the base tabric - ^rther, any polymeric resin coating on the outside of the 
belt (that is. the felt side) may be provided with grooves, blind-drilled holes, indentations or the like in some geometric 
K£ , 3 , thG tem P orar y stora 9 e of w a<sr Prised from fibrous web 20 in the press nip 10 Using 

of tht k!i! 1 P ° y T ri ! reSi " COatin9 ° n ,he ° UtSide of the bel1 ^ be the *™* or differ «nt from that on the inside 
ot the belt, as discussed above. 

[0078] In this regard, Figure 16 is a cross-sectional view, analogous to that given in Figure 15, for a belt 110 havino 
ITS H 3 I? P °^ eriC rSSin 112 ° n ,hS inSid9 ° f baSS fabriC 92 ' and a coatin 9 of a second Po^eric resin 114 
rTsnTJ^ 

Z ~f 1 , ^ 2 a ° am ° Unt SUfficien1 ,0 Penetrate base ,abric 92 and to f °™ a '^er on the inside 

^ S ° f thS mandre ' 72 and ,0 fi " the baS8 ,abric 92 - A second dispenser 88 applies second 
polymeric resm 114 in an amount sufficient to coverthe first polymeric resin 112 and base fabric 92 and to form a layer 
of second polymeric resin 114 thereover. First and second polymeric resins1l2,114bothrenderthe belt 1l0impervious 
to oil and water. After first and second polymeric resins 112,114 have been cured, second polymeric resin 114 may be 
™™ 3 ? P t0 pr ° Vide " With 3 smooth surtace and the bel 110 with a u "i'orm thickness 
Snr.5ri. I L n H add ,' t,0n " fol '° win . 9 * he 9rindina and P 0 ""*"* of Po^meric resin 11 4. it may be provided with grooves, 

b hnd-dr led holes, or other indentations for the temporary storage of water pressed from a paper web. For example 

ZZ JJ„" 8 Cr °l S T^l ViSW °' b9,t 32 teken 38 indiC3ted by line 17 " 17 in F W f ° 3 - Bett 32 is constructed in the 
same manner as beK 110 of Figure 16. After first and second polymeric resins 112,114 have been cured, and second 

1 .T? ,r d ,0 Pr0Vide " Wth 3 Sm °° th SUrfaCe and belt 32 with a un «°^ thinness, 

ZZ rt«ZZ y ? ! ° 6 ° Utef SUrtaCe 36 ° f be,t 32 - 11 Wi " be clear 10 tnose of ordinaf y ski" in the art that the 
base SbS reS ' n 1 4 Sh0U ' d ^ ° f 3 thiCknSSS SUfflCiem ,0 enabl8 9r °° VeS 38 10 be cut without reachin9 

[0080] Similarly, Figure 18 is a cross-sectional view of belt 40 taken as indicated by line 18-18 in Figure 4 Belt 40 

T ^ ,f !f Sa , me manner 35 b8lt 110 ° f RgUre 16 - After and second P°'y me ^ resins 11 2,1 14 have 
t T SeC0 ^ polymeric resin 114 9 round a nd polished to provide it with a smooth surface and belt 40 with 
.uniform thickness, blind-drilled holes 46 may be drilled into the outer surface 44 of bert 40. It will again be cleaTo 

Sd^^ 

Diind-drilled holes 46 to be drilled without reaching base fabric 92. 

[0081] It should be understood, as implied above, that belts 110.32.40, shown in cross section in Figures 16 I7and 
18, respectively, may be manufactured using only one polymeric resin, rather than two, that is, rather than a first and 
second polymeric resin 112,114. In those cases, the polymeric resin penetrates the base fabric 92 to provide a layer 

enable ™ f ' k° *" "* * ^ 3 00 ,he ° UtSide ,hereof of suffici ^ thickness ,0 

enable grooves 38 to be cut or blind-drilled holes 46 to be drilled without reaching base fabric 92 

^Ll h ^rj >C , r8 f S US6d in the praC ' iCe ° f ,he present inven,ion are preferab| y of the reactive type, either 
h! Wl,h 3 Ca,alySt ° f cross - |inked with the a PP'fcation of heat. Resins having a 100% solids com- 

SSh ' S ' k" 9 3 S Vem ' Pre,erred ' 36 **™** ,8nd t0 9enerate bubbles duri "9 the curing process 
Polyurethane resins having 100% solids compositions are preferred 

b^dLrH^n PP h aratUS H 70 r d Pr3C,iCe °' ,h8 Pr8Sent inVenti ° n enables a smooth la y er of Po'ymeric resin to 
anv X? n ?hl , f PaPef pr0Cessin9 be " without the necess "y of inverting (turning inside out) the bel. at 
any t.me during the manufacturing process. However, because the polymeric resin will tend to stick to the smooth 
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polished cylindrical mandrel 72, it may be desirable to provide the mandrel 72 with a sleeve or coating to facilitate the 
removal of the belt therefrom when the polymeric resin has been cured. Polyethylene, polytetrafluoroethylene (PTFE) 
or silicone may be used for this purpose. uiumnyiene (rn-tj 

[0084] Modifications to the above would be obvious to those of ordinary skill in the art, but would not brine the 
invention so modified beyond the scope of the appended claims. 9 



Claims 



1. A resin-impregnated endless belt for a long nip press or calender of the shoe type, or for other papermaking and 
paper-processing applications, said resin-impregnated endless belt comprising: 

a base fabric, said base fabric being in the form of an endless loop with an inner surface, an outer surface a 
machme direction and a cross-machine direction, said base fabric having machine-direction (MD) structural 
e emen s and cross-machine-direction (CD) structural elements wherein at least some of said MD structural 
elements are spaced apart from one another by a distance in the range from 0.0625 inch to 0.5 inch (0 16 cm 

1 h e f Cm -' * 31 l93St SOme ° f 8ald CD Struc,ural elemen,s are s P aced a Pat from one another by 

adistance.ntherangefromO^S inch to 0.5 inch (0.16cm to 1.27 cm), said MD structural elements crossing 
said CD structural elements at a plurality of crossing points, said MD structural elements being joined to said 
CD structural elements at said crossing points; and 

a coating of a first polymeric resin on said inner surface of said base fabric, said coating impregnating and 
rendering said base fabnc impermeable to liquids, and forming a layer on theinnersurface thereof, said coating 
being smooth and providing said belt with a uniform thickness. 

2 ' ^S" im, T 9na ! ed en ?' 8SS b9lt 38 ClaimeCi in Claim 1 further com P ri *ing a coating of said first poVmeric resin 
on said outer surface of said base fabric, said first polymeric resin forming a layer on said outer surface said 
coatmg being smooth and providing said belt with a uniform thickness. 

3 ' tuT s '^T°Z r d, T. belt . aS C ' aimed C ' aim 2 WhSrein Said coati "9 of said ,irst P°'y™ric resin on said 

4 ' oultr, nZ! 9 ft f ate i e K ndle ? . bett f C ' aimed in C ' aim 2 Wh6reh Said COatin 9 of said first P° lv ™™ resin on said 
hi h 1 ^ ,abnC haS 3 P ' Urali,y ° f blind ^ il,ed h °'<*> ^id coating, apart from said blind-drilled 
holes, providing said belt with a uniform-thickness. 

5 ' s^rSe'^Tf ^ T? 635 belt 38 C ' aimed in C ' aim 2 Wher6in said la y 0r of first P o| y meric on said outer 
cSractehstics '* ***** l ° 9 ™ ^ ^ Uniform ,hickness and desired surtace 

6. A resin-impregnated endless belt as claimed in claim 1 wherein said first polymeric resin is a polyurethane resin. 

7. A resin-impregnated endless belt as claimed in claim 1 further comprising a coating of a second polymeric resin 

ZT a l T S8id b3Se ,abfiC ' SaW 8eC ° nd P ° lymeric resin fo ™9 a ^ «" ^id oute'r sTrface, sa d 

coating being smooth and providing said belt with a uniform thickness. 

8 ' i^**"**? 6 endl6SS b6lt 38 C ' aimed in Claim 7 Wherein «* second P° lvmeric is the same as said 

iirsi poiymenc resin. 

9. A resin-impregnated endless belt as claimed in claim 7 wherein said second polymeric resin is different from said 

iirsi polymeric resin. 

10. A resin-hipreflnated endless belt as claimed in claim 7 wherein said second polymeric resin has a greater hardness 

man said tirst polymeric resin. 

11. A resin-impregnated endless belt as claimed in claim 7 wherein said first polymeric resin is a polyurethane resin. 

1 2. A resin-impregnated endless belt as claimed in claim 7 wherein said second polymeric resin is a polyurethane resin. 
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13. A resin-impregnated endless belt as claimed in claim 7 wherein said coating of said second polymeric resin on 

r, TT It f S3id b3Se f3briC haS 8 Plurality of grooves ' said caean B- a P art said grooves, providing 
said belt with a uniform thickness. a 

14. A resin-impregnated endless belt as claimed in claim 7 wherein said coating of said second polymeric resin on 
said outer surface of said base fabric has a plurality of blind-drilled holes, said coating, apart from said blind-drilled 
holes, providing said belt with a uniform thickness. 

1 5. A resin-impregnated endless belt as claimed in claim 7 wherein said layer of second polymeric resin on said outer 
chaSeristics * 9r ° Und * 9 ™ ^ Uni,0m ,hiCkneSS and desired surface 

16. A resin-impregnated endless belt as claimed in claim 1 wherein said base fabric is a woven structure, said MD 

2 coin rS m6ntS . f 9 M ° VamS and 88id CD S,rUC,Ural 8lemen,s bein 9 CD varns - said M ° y^ns being woven 
witn said CD yams to form said woven structure. 

17. A resin-impregnated endless belt as claimed in claim 16 wherein said MD yams are woven with said CD yams in 

3 pl3in W83V6. 7 

18. A resin-impregnated endless belt as claimed in claim 17 wherein at least one of said MD yams and said CD yarns 
are coa ted with a thermoplastic resin material, said thermoplastic resin material joining said MD yarns to said CD 
yarns at said crossing points upon application of a heat treatment on said base fabric after weaving. 

19. A resin-impregnated endless belt as claimed in claim 17 wherein said MD yarns and said CD yarns are joined to 
one another at said crossing points by a chemical material applied to said base fabric after weaving. 

20. A resin-impregnated endless belt as claimed in claim 17 wherein said MD yams are polyester multifilament yams. 
21 ' of 3000 imPre9nated 6nC " eSS be,t 38 Claimed in C ' aim 20 Wherei " Said P ° lyeSter multifilame "t Yams have a denier 
22. A resin-impregnated endless belt as claimed in claim 17 wherein said CD yams are polyester multifilament yarns. 
23 ' oi r 3 e 0 S j; impre9nated endless belt as claimed "> cla ™ 22 wherein said polyester multffilament yams have a denier 

24. A resin-impregnated endless belt as claimed in claim 16 wherein said MD yams are woven with said CD yams in 
a single-layer weave wherein a pluralKy of at least one of said MD yarns and said CD yarns weave side-by-side 

on© Einotnsr. 

25. A resin-impregnated endless belt as claimed in claim 24 wherein at least one of said MD yams and said CD yarns 
are coa ted with a thermoplastic resin material, said thermoplastic resin material joining said MD yarns to said CD 
yarns at sad crossing points upon application of a heat treatment on said base fabric after weaving. 

26. A resin-impregnated endless belt as claimed in claim 24 wherein said MD yarns and said CD yarns are joined to 
one another at said crossing points by a chemical material applied lo said base fabric after weaving. 

27. A resin-impregnated endless belt as claimed in claim 24 wherein said MD yarns are polyester multifilament yarns. 

28. A resin-impregnated endless belt as claimed in claim 24 wherein said CD yams are polyester multifilament yarns. 

M ' ?n e u tn i r r w n f at ! d T*" b6lt 38 C ' aimed in Claim 16 wherein said CD vams com P" se fi rst and second paired 
cl f/n J , l^ 0nd Paired CD yams bein9 interwoven wi, h said MD yarns in an endless leno weave, 

said MD yams and said CD yarns thereby being mechanically locked to one another at said crossing points. 

30. A resin-impregnated endless belt as claimed in claim 29 wherein at least one of said MD yams and said CD yams 
are coated with a thermoplastic resin material, said thermoplastic resin material joining said MD yarns to said CD 
yarns at said crossing points upon application of a heat treatment on said base fabric after weaving 
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31. A resin-impregnated endless belt as claimed in claim 29 wherein said MD yarns and said CD Uflrns ara • - 
one another at said crossing points by a chemical materia, applied to said CS^XT* 

32. A resin-impregnated endless belt as claimed in claim 29 wherein said MD yarns are polyester multifi,amen, yarns. 

33. A resNvimpregnated endless belt as claimed in Cairn 32 wherein said popster multffilament yams have a denier 

36 " 1X2SSE££~ ** 38 C ' aimed in C ' aim 34 *"* - "* and ~- P— CD yams have a 
3? ' lEZSZKZ endl6SS 38 in C,3im 36 ^ SaW MD V- « bonded to said CD yams at 

«. A mb+wm* M8SS „,„ c „ lme<1 „ clalm 35 ^ ^ MD yjm8 ar> yams 

^ ^^^^ m P fe 9 n 8tec' endless bell as c&imed in claim 40 wherein said polyester multifilament yams have a denier 

4* Areeh-impregnafed endless bel,asc,aim« in claim 36 wherein saidCDyams are polyester m«m«,l yams. 
^ f ^^' m '* e ^ na ' et ' endless belt as claimed in claim 40 wherein said polyester multifilament yams have a denier 

e, saw mu yarns thereby being mechanically interlocked with said Raschel-knitted CD yams 

" £SSS£=SS=L=ESS 

" u=r.~ -.: ,rr=-.rjr=^; 

48. A resin-impregnated endless belt as claimed in Cairn 45 wherein said MD yarns are polyester multifilament yarns. 

49. A ^impregnated endless belt as Calmed in claim 48 wherein said polyester mu.tffi.amem yams have a denier 
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50. A resin-.mpregnated endless belt as claimed in claim 1 wherein said base fabric is an endless knitted structure 
said endless knrtted structure, being knitted from a yarn and stretched in both the machine and cross-machine 
directions so that sections of said yarn align with said directions and become said MD and CD structural elements 
said endless knrtted structure being bonded in such a stretched condition to maintain the alignment of said sections 
ot said yam in the machine and cross-machine directions. 



51. A resin-impregnated endless belt as claimed in claim 50 wherein said yam is coated with a thermoplastic resin 
material, said thermoplastic resin material bonding said endless knitted structure in said stretched condition upon 
application of a heat treatment on said base fabric while so stretched. 



52. A resin-impregnated endless belt as claimed in claim 50 wherein said endless knitted structure is bonded in said 
stretched condition by a chemical material applied thereto while so stretched. 



53. A resin-impregnated endless belt as claimed in claim 50 wherein said yarn is a polyester multifilament yam 

Ares 
3000 



54. ^resin-impregnated endless belt as claimed in claim 53 wherein said polyester multifilament yam has a denier of 



55. A resin-impregnated endless belt as claimed in claim 1 wherein said MD structural elementsand said CD structural 
elements of said base fabric are coated with a third polymeric resin, said third polymeric resin having a chemical 
affinity for said first polymeric resin and providing a tie coat between said first polymeric resin and said base fabric 
saia first polymeric resin chemically bonding to said third polymeric resin. 

56. A resin-impregnated endless belt as claimed in claim 55 wherein said third polymeric resin is a polyurethane resin. 

57. A method for manufacturing a resin-impregnated endless belt for a long nip press or calender of the shoe type or 
for other papermaking and paper-processing applications, said method comprising the steps of: 

(a) providing a base fabric in the form of an endless loop having an inner surface, an outer surface a machine 
direction and a cross-machine direction, said base fabric having machine-direction (MD) structural elements 
and cross-machine-direction (CD) structural elements, said MD structural elements and said CD structural 
elements crossing one another at a plurality of crossing points, said MD structural elements and said CD 
structural elements being joined to one another at said crossing points; 

(b) providing a cylindrical mandrel having a smooth and polished surface, said cylindrical mandrel having a 
longitudinal axis oriented in a horizontal direction and being rotatable thereabout; 

(c) providing a spacer ring having an inside diameter equal to the diameter of said cylindrical mandrel and an 
outside diameter equal to the diameter of said endless loop of said base fabric; 

(d) disposing said spacer.ring on said cylindrical mandrel; 

(e) disposing said base fabric on said cylindrical mandrel over said spacer ring; 

(f) placing said base fabric under tension longitudinally with respect to said cylindrical mandrel- 

(g) moving said spacer ring to an end of said base fabric; 

(h) rotating said cylindrical mandrel; 

(i) starting at said end of said base fabric adjacent to said spacer ring, dispensing a first polymeric resin onto 
said base fabric on said rotating cylindrical mandrel from a dispenser in the form of a stream- 

0) moving said spacer ring and said dispenser longitudinally relative to said cylindrical mandrel, while keeping 
said spacer ring ahead of said dispenser, to apply said first polymeric resin onto said base fabric in the form 
of a spiral of a preselected thickness to impregnate said base fabric therewith and to form a layer of said first 
polymeric resin of a thickness equal to that of said spacer ring thereunder; and 

(k) curing said first polymeric resin when said base fabric is impregnated with said polymeric resin from said 
end completely thereacross. 

58. A method as claimed in claim 57 further comprising the steps of dispensing a second polymeric resin on top of 
said first polymeric resin in the form of a spiral of a preselected thickness, and of curing said second polymeric 
resin when said first polymeric resin is completely covered by said second polymeric resin. 

59. A method as claimed in claim 57 further comprising the step of grinding said first polymeric resin after said curing 
step to provide it with a smooth surface and said belt with a uniform thickness. 
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^ n eth0dasdaim8d in cbim 59furthercomprising the step of cutting a plurality of grooves into said first polymeric 

61 " JoTymeric resin 3 ™* * C ' aim 59 ""^ °° mpriSin9 S,ep °' dri,lin 9 a P lurali * of blindndrilled holes into said first 

62. A method as claimed in claim 58 further comprising the step of grinding said second polymeric resin after said 
curing step to provide it wrth a smooth surface and said belt with a uniform thickness. 

XeSresin lairned 62 ^V'™ 9 ^ ** P °' CUttin9 3 P ' Urality ° f »«*~ said 

M ' i^S^^ * *" " ^ 8 °' blincWrilled ho,es ^ said 
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